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METHOD FOR BONDING TWO PLASTIC WORK PIECES WITHOUT THE USE 

OF FOREIGN MATTER 

The invention relates to a method for the non-adhesive bonding of two contiguous 
plastic work pieces. The invention also relates to an article formed from at least two non- 
adhesively bonded work pieces, manufactured according to such method, and a preferred 
application of such an article. 

Such methods are used, for example, in the bonding of microstructured work pieces, 
and they are also becoming increasingly important in the field of microfluidics for applications 
in reaction engineering, analytical technology, sampling technology and filtration technology, 
as well as in hydraulics and pneumatics. For such applications numerous miniaturized 
systems have been developed recently. The materials used are usually glass and siUcon, and 
also thermoplastics. Regardless of the material used, in the fabrication of closed channels 
microstructures are first provided in a plane (substrate manufacturing), which in a following 
processing step are closed with a cover. While the process of anodic bonding is a suitable 
technology for glass and silicon, intensive worldv^de efforts are underway to develop cost- 
effective methods for the bonding of microstructured plastic work pieces. Conventional 
bonding or adhesion methods such as the use of adhesives or heat seals, the classical method 
of thermo-welding, laser welding or ultrasound welding are problematic when plastics are 
used because of the stringent requirements for structural or dimensional stability in 
microtechnology. The insertion of thin-film electrodes, for example for generating an ion 
flow or for detecting a fluid channel which on the one hand should be easy to contact from 
the outside, but on the other hand should have direct contact with the medium in the closed 
channels, is particularly problematic because the thin-firm electrodes can become 
imperceptibly and unintentionally coated during the welding process. 
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From WO 99/51422, a method is known which is derived from classical thermo- 
welding, a solute thermoplastic is spun onto one or both polymer work pieces to be bonded. 
The solvent evaporates, and on the entire component remains a very thin film of the spun 
thermoplastics which has a lower melting point than the substrate or cover material. The 
5 bond is created by compression and heating to temperatures which are below the glass 
transition temperature of the substrate and cover material, but above that of the spun 
thermoplastics. 

A disadvantage of the method described in the above named patent is that the solvent 
of the spun polymer can destroy the sensitive microstructures or nanostructures by partially 
10 or completely dissolving them. There is also the danger that corrosion cracks can occur in 
the microstructures. Furthermore, the microstructures or nanostructures can become 
plugged in the spinning process. This would make the resulting fluid structure unusable. 
There is also a danger that the thin-film electrodes may become coated. 

15 Setting out from the discussed prior art, it is therefore the object of the invention to 

make an above named method available by which two plastic work pieces can be bonded to 
each other in a cost-eflFective manner and in a continuous manufacturing process. 
This object is achieved according to the invention in that 

the intended contact surface of at least one of the two work pieces, with 
20 which it contacts the other work piece, is subjected to radiation of such a high energy level 
that the glass transition temperature is lowered in the marginal area, 

the two work pieces are brought into a mutual position in accordance with the 
intended use, and 

subsequently, to produce the bond of the two work pieces, at least the 
25 modified marginal layer in the area of its surface is heated to a temperature which is above 
the glass transition temperature of the marginal layer modified by radiation, but below that of 
the unmodified areas of the respective work piece. 

With the method according to the invention, a marginal layer of the contact surface of 
at least one of the two work pieces, by which this work piece will be touching the other work 
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piece in the subsequent bond, is modified in such a way that the glass transition temperature 
in this marginal layer is lowered in comparison with the other parts of this work piece. This 
is accomplished by radiating the contact surface with a high-energy radiation, such as a UV, 
laser, X ray and/or synchrotron radiation. During this radiation process, the long-chain 
5 polymers are destroyed, which causes a reduction in molecular weight and thus a lowering of 
the glass transition temperature. The intensity and duration of the radiation depend on the 
plastic to be modified and on the desired strength of the marginal layer to be modified. The 
thickness or depth of the modified marginal layer may be only a few jim or fi*actions of a |im. 
In a downstream processing step, the two work pieces are brought into a mutual 

10 position in accordance with the intended use. This can be done immediately following the 
radiation process or at any subsequent time. 

Once the two work pieces are brought into a mutual position according to the 
intended use, the next processing step — the actual bonding step — is to heat at least the 
surface areas of the modified marginal layer to a temperature above the glass transition 

1 5 temperature of the modified marginal layer, but below the glass transition temperature of the 
work piece not modified in that manner. Due to the process of heating at least the surface 
areas of the modified marginal layer above its glass transition temperature, these softened 
marginal layers bond with the contact surface of the contiguous other work piece. This 
heating step can be accomplished either by selectively heating the modified marginal layer or 

20 appropriate parts thereof, as can be done, for example, by radiating with microwave radiation 
if the marginal layer is appropriately doped, or by heating the two work pieces together in the 
mutual position according to the intended use. 

The main advantage of this method is that the bond between the two work pieces is 
accomplished without the use of extraneous materials, in particular without adhesives or 

25 solvents. Furthermore, the thickness of the modified marginal layer can be adjusted so that it 
is considerably smaller than the depth of a microstructure or nanostructure, thus avoiding the 
danger of a material flowing into and plugging such a stnicture during the bonding process. 
Furthermore, the two work pieces brought into a mutual position according to the intended 
use can be held under pressure in relation to each other during the process of heating the 
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modified marginal layer, since the unmodified areas and those containing the structures are 
not softened and thus remain dimensionally stable. Furthermore, this method is suitable for 
the production of continuously manufactured articles consisting of two components, for 
example, for bonding two films, since the process of radiation and mutual alignment as well 
5 as the process of heating can be continuous when films are used. 

The microstructure or nanostructure can be mserted into one of the two work pieces 
in an upstream processing step. 

The method can also be used in such a way that the contact surfaces of both work 
pieces are subjected to the radiation process to develop such a modified marginal zone with a 

10 lowered glass transition temperature in both, so that both modified marginal layers are 
softened during the heating step and fiise together. 

The method according to the invention is also particularly suitable for bonding two 
contiguous plastic work pieces when the contact surface of one work piece carries an 
electrode such as a structured thin-film electrode. By limiting the amount of material 

15 involved in the bonding process, which can be reduced to a minimum, this method — in 
contrast to the prior art — also prevents the electrodes fi-om becoming covered by volatile 
constituents or molten material. Furthermore, when both work pieces be subjected to the 
radiation process, there is the advantage that the underground under the electrodes is not 
modified and thus remains dimensionally stable. This means that the electrode is not 

20 subjected to much mechanical stress during the bonding process and is therefore not damaged 
or destroyed by cracking, as may be the case with other thermal bonding processes when the 
softened underground yields under stress. 



Below, the object of the invention is described by means of an embodiment and with 
25 reference to the drawings, where 

Fig. 1 shows a schematic three-dimensional view of a microfluid element consisting 
of two work pieces; 
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Fig. 2 shows one of the work pieces from Fig. 1, provided with microstmctural 
recesses, in a first processing step; 

Fig. 3 shows the work piece from Fig. 2 after completion of the first processing step, 
with a modified marginal layer; 
5 Fig. 4 shows the two work pieces from Fig. 1 brought into a mutual position in 

accordance with the intended use; 

Fig. 5 shows the bonded work pieces from Fig. 4, and 

Fig. 6 shows a schematic cross section of another microfluid element with integrated 
thin-film electrodes. 

10 

A microfluidic element 1, a partial view of which is shown in Fig. 1, consists of two 
work pieces 2, 3, which, when bonded together, form the microfluid element 1. Work pieces 
2 and 3 are films made from a thermoplastic such as polymethylmethacrylate (PMMA). 
However, the thermoplastics may certainly also consist of polycarbonate or a polymethacryl, 

1 5 In general, any plastic can be used whose surface, when subjected to high-energy radiation, 
can be modified so that the glass transition temperature of the modified layer lies below that 
of the starting material. The top surface of work piece 2 has channel-like recesses V, 
resulting in a structured surface of work piece 2. The webs S which separate the recesses 
from each other and whose top surfaces are all arranged in the same plane, together form 

20 individual contact surfaces K, on which, bordering on the finished microfluid element 1, 
borders the underside U of work piece 3, which serves as the contact surface. Thus, work 
piece 3 serves as a cover for closing the recesses V of work piece 2, enabling them to form 
channels. 

To connect the two work pieces 2, 3, it is provided in a first step that the contact 
25 surfaces of the two work pieces 2, 3 (as shown in Fig. 2 only by means of work piece 2) are 
radiated by a high-energy radiation — indicated by the arrows — to achieve a lowering of the 
glass transition temperature in the marginal layer that borders on the top surface. 
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In the embodiment described here, the PMMA surface is preferably modified by UV 
radiation in the wavelength range of 250-280 nm. Practically any mercury vapour lamp 
whose tube is transparent in the appropriate wavelength range can be used for this purpose. 
The necessary radiation periods depend on the lamp intensity. The connection between 
5 intensity and depth of damage during the radiation of PMMA with a respective UV source is 
explained in detail in Frank et al (W.F.X. Frank, B. Knodler, A. Schosser, T.K. Strempel, T. 
Tschudi, F. Linde, D. Muschert, A. Stelmszyk, H, Strack, A. Brauer, P. Dannberg, R. 
Goring, "Waveguides in Polymers"; Proceedings SPIE vol. 2290, pages 125-132. 

In the example of PMMA, the lowering of the glass transition temperature is 
10 approximately 35° C, which means that in the embodiment described, the glass transition 
temperature was also lowered fi"om 105° C to 70° C. 

The UV radiation of PMMA as a work piece material has been studied in detail by A. 
Schosser, B. Knodler, T. Tschudi, W.F.X. Frank, A. Stelmaszyk, D. Muschert, D. Riick, S. 
Brunner, F. Pozzi, S. Morasca. C. de Bemardi, "Optical components in polymers", SPIE, vol. 
15 2540, pages 110-117; and radiation with X rays in LIGA-Verfahren [LIGA Method], W. 
Menz, J. Mohr, "Mikrosystemtechnik fur Ingenieure" [Microsystems Technology for 
Engineers], VCH-Verlag, Wemheim, 1997. These indicate that such radiation causes 
substantially a reduction in the molecular weight of PMMA. 

The marginal layer R of work piece 2, modified by the radiation process, is shown in 
20 Fig. 3; the modified marginal layer of work piece 3 is designed accordingly. The drawing 
explains not only that the contact surfaces K have a modified marginal layer R on the top 
surface, but also that the lowest point of recesses V has a corresponding marginal layer. 
However, the latter is of no consequence for the method of bonding the last work pieces 2, 3 
with each other. It also does not affect the usability of the subsequently formed channel. 
25 Instead of radiating the entire surface of work piece 2, as shown in Fig. 2, radiation can also 
be selective, for example by introducing a mask, if only the marginal layers of certain 
sections, such as contact surfaces K, are to be modified as described. 

In a next step, to bond the two work pieces 2, 3 together, work piece 3, which serves 
as a cover, is placed by its modified marginal layer R onto the contact surfaces K of work 
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piece 2, so that the recesses V are closed and are now representing fluid channels. In this 
situation, it is practical to fix the two work pieces 2, 3 to each other, as indicated 
schematically by the two arrows pomting in opposite direction. 

Finally, to produce a chemical bond between the two work pieces 2, 3, these are 
5 heated to a temperature that is above the glass transition temperature of the modified 
marginal layers R, R', but below that of the unmodified areas of work pieces 2, 3. In the 
embodiment shown, work pieces 2, 3 are heated to a temperature of about 90° C. Afl;er the 
modified marginal layers R, R' have exceeded their glass transition temperature (70° C), they 
soften so that the two modified marginal layers R, R' fuse with each other. If, as also shown 
10 in Fig. 4 and 5, the two work pieces 2, 3 exert pressure upon each other, this benefits the 
bonding process. After cooling down to below the glass transition temperature, work pieces 
2, 3 are bonded. The former contact surface between the two work pieces 2, 3 is shaded in 
Fig. 5. 

It should be emphasized that during this heating process, the glass transition 
15 temperature of the unmodified work piece sections is not exceeded. They retain their 
dimensional stability, and there is no danger that the recesses V are pinched or plugged 
during the bonding process. 

In the design of microstructured components, it is practical when the two work pieces 
2, 3 are made of the same material — as provided in the embodiment shown — , since the 
20 lateral walls of the channels that are formed have the same surface characteristics around the 
circumference, due to the homogeneous material. Thanks to the non-adhesive bond of the 
two work pieces 2, 3 and to the fact that they are made of identical material, the bond surface 
does not represent a potential weak point, as could happen, for example, in case of thermal 
stress, if different materials with different expansion coeflBcients are used, 
25 Fig. 6 shows another microfluid element 4 formed by bonding two work pieces 5, 6, 

also both made of PMMA film. Work piece 5 is identical to work piece 2 of the previous 
embodiment. Work piece 6 is the cover for closing recesses V; in contrast to cover 3, it has 
electrodes E on the underside. The electrodes E extend to some recesses V o that 
measurements can be taken in the channels formed by recesses V in microfluid element 4, for 
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example, to measure the conductivity of the fluid carried in such a channel. The two work 
pieces 5, 6 are bonded in the same manner as described in Fig. 2 to 5, to form microfluid 
element 4. The description of the bonding method explains that it eliminates the danger of 
the surfaces of electrodes E, which form a lateral wall in some regions, being damaged or 
5 coated. 

The bonding method according to the invention can be regarded as a hot-meh 
adhesion method, in which — as a result of a radiation-induced reduction in molecular weight 
— the hot-melt adhesion is produced by a marginal layer of the base material of the work 
pieces to be bonded. 

10 
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